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Abstract Results Results

Background: Influenza viruses (IV) can cause acute respiratory disease in humans. Outbreaks Sensitivity of IAV and IBV to baloxavir in plaque reduction assay Viral growth in Calu-3 cells
of IV Infections are frequently marked by regional epidemics and occasional pandemics, which 1AV 1BV 1AV &, _. 8-
present a significant burden on public health. Baloxavir marboxil is a recently FDA-approved anti- PA Mutation EC.. (nM) PA Mutation EC.. (M) E - WT E il
- hihi i - —o0) 2l T o A37S 2 o P267S
Influenza endonuclease inhibitor that targets the polymerase acidic (PA) protein of IVs. Our WT 1.0 N0.7 (1.0) WT 18.9 N 4.6 (1.0) o o

. 1 . . . . T _ : : : : - : & ® 138L S o A476S
knowledge regarding the ability of this drug to induce viral resistance is limited. Methods: Here, A37S 1.1 N0.3 (1.1) N370 23.8 N4.8 (1.3) = 2
we generated recombinant A/California/04/09 (H1N1)-like (IAV) and B/Victoria/504/2000-like (IBV) = oo A=) L ? - Ejzzi ® EREIE
viruses, that contain key point mutations within the PA gene. We characterized their susceptibility 138L 11.8 |>|2_9 (11.5)A 138V 19.0 N,3'4 (1.0) _ § §
to baloxavir, viral growth, and ability to induce IFNB1 gene expression in vitro. Results: We found E199D 2.9 NO.2 (2.9)* G199R 38.5 N4.2 (2.0)A S | | | =
that several mutations in the IAV PA protein (I38L and E199D), and in the IBV PA (N37Q and E199K 0.8 N0.1(0.8) K298R 22.9 N4.6 (1.2) 0 24 48 72
G199R), significantly reduced the sensitivity of the recombinant viruses to baloxavir (19.3-fold®). P267S 0.9 N0.1 (0.9) T304A 16.5 N3.5 (0.9) BY OIS PRSGEEEon e
We confirmed our findings by measuring polymerase complex replication activity of the viral A476S 1.2 N0.3 (1.2) V645A 15.4 N3.9 (0.8) S o WT = o WT
mutants N the_presence (_)f_ Increasing concentrations of _baloxa_lvir usir_lg t_he I_uciferase_—based E677D 12 N02 (1.2) MB82L 15 3 N4.0(O.8) E g o T304A
ribonucleoprotein (RNP) minigenome assay. We next examined viral replication fitness using the — — — E E & V645A
human lung epithelial cell line, Calu-3, as targets. We observed that baloxavir-resistant mutations Sensitivity of IAV and IBV to baloxavir in RNP minigenome assay -:— o G199R =:— M682L
resulted in decreased viral replication of 1AV (I38L and E199D, 1.4-fold®), but did not significantly _ LAV _ BV g K298R g
alter IBV replication levels (N37Q and G199R). In addition, IAV mutants with PA 138L and E199D PA Mutation IC (NM) PA Mutation ICy (NM) 5 5
induced significantly higher levels of IFNB1 gene expression compared to the wild-type virus (3.5- WT 1.5N0.4 (1.0) WT 16.0 N7.8 (1.0) T e ———— g
fold=). In contrast, IBV baloxavir-resistant mutants triggered the lowest levels of IFNB1 in Calu-3 A37S 1.3 NO0.3 (0.9) N37Q 26.3 N4.2 (1.7) F o ek inEon Houre neskineiion
cells. Conclusions: Because baloxavir marboxil is a novel anti-influenza virus therapeutic agent, 138 84 N1.0 (5.8)A 138V 18.0 N4.6 (1.1) Polymerase activity of IAV and IBV
identify?ng and characterizing mutation_s as_sociat_ed with reduced sensitivity to _baloxavir, as well E199D 3.0 N0.4 (2.0)A G199R 42.5 N12.2 (2.7)A - _
as the impact of these mutations on viral fitness Is paramount to the strategic implementation of E199K 1.9 N0.4 (1.3) K298R 18.4 N 3.7 (1.2) 1AV %200- - IBV = 20-
this novel countermeasure. P267S 1.3 0.3 (0.9) T304A 12.8 N2.6 (0.8) 3 i { : .+ ]

Meth 0 d S A476S 1.3 N0.3 (0.9) V645A 17.5 N4.0 (1.1) §‘°°' N L. §‘°° )
E677D 1.1 N0.2 (0.8) M682L 18.4 N 8.0 (1.2) = -

xgﬂﬁeziﬁézggggg S—t(,jé\rllezn;(:if:Bglii(c:i.from infected chicken eggs was collected and then centrifuged at a low speed. The resulting virus stock Sensitivity of IAV and IBV to baloxavir in virus yleld reduction assay g 0;3& - \@VN&O '\qoﬁl"é\(o &66\,\5 g o-@ © {,ss\ P &Q.' o @v@&
VIRUS SEQUENCE ANALYSIS — To verify the presence of each PA mutation, viral RNAs were isolated using the RNeasy Minikit (Qiagen, 1AV Calu-3 NHBE vV e v Ve ¢ ES
I(:Bae(:irl?tc’;l/r})é)r. ;;I;Cﬂrﬁoﬁg;c;n;ev;/(e);emtgser;tgFegz.rated and analyzed with universal primers.t Sequencing was performed by the Research Central -~ o~ WT - . WT IENB1 gene expres sion after infection with 1AV and IBV
PLAQUE REDUCTION ASSAY — MDCK-SIAT1 cells were infected with virus before being overlayed with MEM/AGAR containing a EC50=0.3+0.1nM EC5=0.3+0.1 nM
concentration of BXM that ranged from 0.05 to 100 nM. After 72 h, the cells were stained with crystal violet and the virus plagues counted. The 75- -®- 138L 75- -®- |33L ﬂ 180 o ﬂ 125-
concentration of BXM that was a 50% reduction in viral plaque formation was defined as the 50% effective concentration (ECg). ECs0=0.8+0.1nM ° ECso=7.4+0.9nM ° i
VIRUS YIELD REDUCTION ASSAY — Calu-3 cells were pretreated with concentrations of BXM that ranged from 0.05 to 100 nM and then -o- E199D -~ E199D 188:- b "

infected with virus at an MOI of 0.01 PFU/cell. The cells were then incubated for 72 h before supernatants were collected and viral loads
determined by plaque assay. The concentration of BXM that caused a 50% reduction in supernatant virus concentration was defined as the
(ECso).

INFECTIVITY — Viral concentration was determined by plague assay.? Confluent MDCK cells were incubated with serial dilutions of a sample hd : °
and then overlaid with MEM/AGAR. After 72 h, the cells were stained with crystal violet and the virus plagues counted. 0 05 1 5 10 50 0 05 1 5 10 50
VIRAL REPLICATION KINETICS — Calu-3 cells were inoculated with virus at MOI of 0.01 PFU/cell. Supernatants were collected at 24, 48, and Baloxavir (nM) Baloxavir (nM)

72 h post-infection and titrated by plague assay.

RNP MINIGENOME ASSAY — 293T cells were pretreated with concentrations of BXM ranging from 0.001 to 10 nM before being transfected
with plasmids that encoded for the influenza replication complex (PB1, PB2, PA, and NP), luciferase and Renilla. After 24 h, cell extracts were — Calu-3 NHBE
harvested, and luciferase levels were assayed with a dual luciferase assay system (Promega, Madison, WI). The concentration of BXM that
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Summary

caused a 50% reduction in viral polymerase activity compared to control cells without drug was defined as the 50% inhibitory concentration g = - WT g 1= o WT

. . - . . . = | _ = _
(ICs0). The effect of each mutation on viral polymerase activity was assessed by comparing the luciferase levels of cells transfected with S 100 Elan =L % 0.4 Nl S 100 Sl =08 0.1 Nk A 1AV PA 138L and E199D and IBV PA N37Q and G199R mutations significantly reduced baloxavir sensitivity of the recombinant viruses in
mutant PA to those transfected with the respective WT PA. o 0T & N37Q oD - N37Q " plague reduction assay (7.4-fold®), RNP minigenome assay (3.8-fold®), and virus yield reduction assay in Calu-3 and NHBE cells (7.9-fold®).
QhUANTITA-ll_ILVNEB ? EA deT:IME POI\I;IZMERASE'CHAIN REACTIQZI (Qtpt? R)P(():FR IFN'IB AN[_)I_ \t/llRAL” I\IAA-ll;{RI\Ili (M1) G:Elt\lEde Quantlflc_atflont Oc]; £w 757 ECs0=1.4£1.1nM 2% 75 ECso = 1.6 +0.2 nM A Baloxavir-resistant mutations resulted in decreased viral replication for 1AV (I38L and E199D, 1.4-fold®), but did not alter IBV replication levels
changes in and influenza gene expression was carried out by q analyses. Total cellular was isolated from virus-infecte Ry = o G199R iy = o G199R (N37Q and G199R)
Calu-3 cells 24 h post-infection usmg_RNeasy Mm'k't. (Qlagen)_. T_he RNA samples were ther_1 treated with DNase, and 1 & gof each pur|f|_ed § § - ECs0=3.4+0.5nM * S § = ECs0=4.3+0.1 nM o A 1AV baloxavir-resistant mutations significantly increased viral polymerase activity (1.5-fold-). In contrast, IBV baloxavir-resistant mutants
RNA sample was then reverse-transcribed to cDNA with Quantiscript reverse transcriptase (Qiagen). Gene copy numbers were assayed using E oo E exhibited the lowest RNP activity (2.1-fold®).
Tagman gene expression assay primer/probe sets and master mix (Life Technologies, Carlsbad, CA) and VIIAE 7 software v.1.2.2 (Applied 6 6 A 1AV mutants with PA 138L and E199D induced significantly higher levels of IFNB1 gene expression compared to the wild-type virus (3.5-fold-).
Biosystems). The values were determined by comparison to respective standard curves for each gene. IFN-b values from each mutant were X ) X In contrast, IBV baloxavir-resistant mutants triggered the lowest levels of IFNB1 in Calu-3 cells (1.5-fold®).

then normalized to M1 gene values for each virus. Values are the means of three independent determinations. 0 1 5 10 50 100 0 1 5 10 50 100 A Our preliminary results suggest that NHBE cells can serve as the most sensitive ex vivo system for detecting influenza baloxavir-resistant
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